A new mode of operation with a split-gate device has been studied theoretically. A simple model for quantitative description of the pinch-off voltage and channel position is proposed. Independent control of voltages applied to disconnected parts of a split gate enables t h e electron channel to be shifted laterally. The shift was calculated for both narrow and wide channels. The method can be used to study electron scatterers in the area defined by the slit in the gate.
Introduction
Experiments with split-gate devices based on high-mobility GaAs/AlGaAs heterostructures revealed quantization of the ballistic conductance C [ 1 , 21; more than ten quantum steps in the dependence of C on the gate voltage V, were well defined. However, at sufficiently low temperatures, a non-monotonic, fluctuating part in the function G(VG) is clearly present [3]. This indicates the presence of a number of scatterers in the electron channel, even in the best samples. For relatively long channels ( L 2 900 nm) scattering degrades the steps in the G(VG) function and a mesoscopic pattern emerges [4, 51. The experimental results mentioned above emphasize the importance ofstudying scattering in a channel. In this paper a method for scanning scatterers with two-dimensional (2D) electrons is considered. This method exploits entirely new possibilities provided by the split-gate technique of depletion. Contrary to the usual [l, 2, 61 mode of operation with a split-gate device, we consider independent control of the two parts that form a split gate (figure 1). (In [6] there was. only independent control of different channels.) This enables one to shift the channel position xo in the x direction across the channel. A similar mode of operation has been applied in [5] where channel shifting was achieved by the application of different voltages to p+ areas around the channel.
If a scatterer is present in the area defined by a slit in the gate, then the shift of the channel position x,, provides a tool for changing the scattering parameter of propagating electrons. We show in the following section that proper operation with the gate voltages V,, V, (defined in figure 1 ) makes it possible to change x,, without significant change of the width d of the channel. Hence, under different values of x,,, the scatterer can be probed using slit width D) is considered in section 2.
Scattering also causes transitions between different edge states formed by the magnetic field in a 2D electron gas (ZDEG) [6-91. In order to study this kind ofscattering it is convenient to vary the position of only one channel We use the simplest model for calculations, assuming a homogeneous slit in the gate (i.e. L B D). The distance h between the planes of the gate and of the ZDEG is neglected in calculations (this is reasonable for h 4 Dd). So, in our model (figure 2) the metallic half-planes that form the gate, the positive background produced by donors and the electron channel all belong to the same plane. The half-space z < 0 corresponds to the semiconductor. Calculations will be performed by using the theory of analytical functions.
Control of the narrow channel posltlon
The positive background far from the gate is compensated by the charge of 2DEG. The area in the slit, however, is fully depleted at sufficiently high voltages V,, V,. The charge density U in this area coincides with the hackground and, hence, is related to the unperturbed ZDEG density no; U = (elno. The electrostatic potential in the slit 4(x, z = 0) is determined by U and the gate potentials. The condition for the formation of an electron channel in the depleted area is
(1) All potentials are measured with respect to the Fermi level E~ of the ZDEG far from the gate. This means that the chemical potential of ZDEG is E~( x )
where the ZDEG exists. The boundary conditions for Here K is the dielectric permeability of the semiconductor. We neglect the contact potential drop between the ZDEG and the gate circuit (figure 1). The condition K % 1 (satisfied for GaAs) enables us to neglect 8 $ / 8~( , = +~ in (2) and to solve the Laplace equation
in the half-space z < 0. We recall that we have placed all the charges in the same plane as the gates, so their influence on the potential distribution appears only as boundary conditions for the Laplace equation. This also means that immediately below the gate the positive background is fully screened by the charge image in the gates. The solution of (3) can be represented as a sum 4 = 41 + b2 of harmonic functions +,, $i2 that satisfy the conditions 
This means that for the analytical function
we know the values for Im(/(x)) along the whole real axis: 
Gate-controlled boundary of ZDEG
In this section we shall assume that the channel is wide,
We shall see helow that the gate-induced potential decays with characteristic length a. We suppose that 2a is the distance between the gate electrode and the ZDEG boundary. Hence one can study the influence on a of only the closest gate electrode. Although a/D g 1, we
,still assume that a exceeds both h and the Bohr radius a, (which plays the role of the screening length in a   ZDEG [12] ). We again use the model of figure 2 with ti 9 1 and study (for definiteness) the distance 2a between the 2DEG edge and the left gate electrode. 9) . This singularity vanishes, and a+/dzl,=-, becomes a continuous function, only for Equation (19) determines the dependence of the ZDEG edge position on the gate voltage V,. Using the selfconsistency equation (16) and (6), (8), (19) one obtains the first correction to the value (16a): Equations (21) 
Discussion
We have shown in section 2 the possibility of a shift The results of section 3 can be applied to studies of the edge states formed in the presence of a magnetic field. Actually, these quantum states result from the simultaneous influences of magnetic and inhomogeneous electric fields. As follows from (20), the electric field that affects electrons inside the channel can be regarded as unchanged for boundary shifts 16x1 a. Information about the shift of the edge of the ZDEG due to variation of V , can be obtained from 161, where Aronov-Bohm oscillations have been measured. The dependence of the period of oscillations Bo upon gate voltage points to variation of the quantum dot [6] area S since E , = @,/S(VG). As 6s = 2nr& we obtain from (19) Here r is the radius of the quantum dot. This relation agrees with the experimental data [6] to within 15 %.
